The
Introduction
The recent 2004/05 hydrological year was characterized by one of the worst droughts ever recorded in the Iberian Peninsula, particularly in the central and southern sectors. Using data from the Global Precipitation Climatology Center (GPCC) we computed the spatially averaged precipitation over Iberia, between October 2004 and June 2005 , which corresponds to roughly 45% less than the 1961-90 climatological average (Fig. 1) .
However, if we look at the spatial variability of this decrease, it is immediately striking that a significant percentage of the southern half of the Iberian Peninsula received 60% less than the average precipitation (Fig. 1) .
The occurrence of intense droughts in Iberia is a usual feature of its precipitation regime, characterized by a strong interannual and decadal variability (Esteban-Parra et al. 1998) . Nevertheless, the decades of the 40s and the early 50s along with the 80s and 90s are described as particularly dry throughout the whole Iberian territory (Vicente-Serrano 2006a,b) . These extremely dry periods in Iberia coincide with a large drought incidence over much of the European continent (Briffa et al. 1994; Dai et al. 1998 Dai et al. , 2004 Lloyd-Hughes and Saunders 2002a) and, in particular, with several intense drought episodes over the northern Mediterranean area (Maheras et al. 1999; Delitala et al. 2000) .
Anyway, the low precipitation amount and wide spatial impact of the 2004/05 drought have prompted this event to become one of the most distressing episodes suffered in Iberia. According to the Spanish and Portuguese authorities, several stations with long-term precipitation series across central Spain and Portugal (Fig. 1) recorded the worst drought episode since the late nineteenth century (e.g., Madrid since 1859; Soria since 1865; Lisbon since 1865). Over southern Iberia (e.g., Sevilla since 1876; Badajoz since 1866; Granada since 1865) this event corresponds to the second most intense drought in the last 130 yr (MMA 2006) . This fact has produced large political and social unrest, as water levels in Spanish and Portuguese dams were reduced to circa 55% of their total by June 2005 (MMA 2006; INAG 2006) . Naturally, river flow values dropped considerably throughout Iberia, which even reached record values, for example, the Douro River in January (Fig. 2 ). These very low river flow values between December 2004 and June 2005 had a direct negative impact in terms of hydroelectric power production. To overcome this shortage in hydroelectricity production, both countries had to rely on massive imports of oil, natural gas, and coal to produce electricity from thermoelectric power plants.
Iberian precipitation is also characterized by large spatial variability (Esteban-Parra et al. 1998; Trigo and DaCamara 2000) . This spatial complexity has also been displayed in several drought analyses performed for the entire peninsula, which have identified several distinct drought patterns throughout Iberia (Martín-Vide and Gómez 1999; Lana et al. 2001; Vicente-Serrano 2006a,b) . These regions are consistent with the spatial precipitation patterns accounting for the largest part of precipitation variability over Iberia at the annual, seasonal, and monthly scales (RodriguezPuebla et al. 1998; Esteban-Parra et al. 1998; Serrano et al. 1999) . As a consequence, even the most widespread drought episodes did not affect the entire territory of Iberia. Nevertheless, it is frequent that roughly 20% of the Iberian Peninsula territory is affected during a drought event, reaching more than 50% of the territory during the most intense episodes (Vicente-Serrano 2006a,b) . The largest concentration of rainfall in the Iberian Peninsula is recorded between October and March (Esteban-Parra et al. 1998; Trigo and DaCamara 2000; Trigo et al. 2004b; Paredes et al. 2006 ). Therefore, all major droughts in this region are characterized by lack of rainfall during several months of the winter half of the year (Trigo and DaCamara 2000) . While the average precipitation in transition months (e.g., April, May, and September) has a relatively minor impact on annual totals, summer precipitation can be regarded as irrelevant. In fact, for the central and southern regions of Iberia, the average for the short hydrological year (between October of year n Ϫ 1 and June of year n) represents 90% of the total hydrological year precipitation (not shown).
During the winter season, precipitation in Iberia is mainly related to transient low pressure systems with Atlantic origin, as shown by studies relating precipitation and circulation patterns at the daily scale by means of weather-type approaches (Trigo and DaCamara 2000; Goodess and Jones 2002; Paredes et al. 2006) . The North Atlantic Oscillation pattern (NAO) controls, to a large extent, the preferred location of storm-track paths over the North Atlantic region (Trigo 2006; R. M. Trigo et al. 2002) . Thus, it exerts strong control on precipitation variability over the Iberian Peninsula (Rodriguez-Puebla et al. 1998; Trigo et al. 2004b; Goodess and Jones 2002) and over parts of the European continent, showing the relevance of the NAO mode to the winter surface climate (R. M. Trigo et al. 2002) .
However, other large-scale modes of atmospheric circulation, namely, the Eastern Atlantic (EA) and the Scandinavian (SCAN) patterns are also relevant to precipitation over Europe (Qian et al. 2000) as well as for Iberia (Rodriguez-Puebla et al. 1998; Sáenz et al. 2001) . In a wider frame, El Niño-Southern Oscillation (ENSO) has also been proved to have a certain influence in the wet season of Iberian and European precipitation (Rodó et al. 1997; Mariotti et al. 2002; Lloyd-Hughes and Saunders 2002b; Vicente-Serrano 2005) , which is probably linked to a NAO-like anomaly pressure pattern (Pozo-Vázquez et al. 2001 .
The main objectives of this paper are as follows: 
Data and methodology

a. Precipitation datasets
To analyze the precipitation over the Iberian Peninsula two different daily and monthly precipitation datasets were examined. The analysis of annual precipitation has been carried out for the standard definition of hydrological year currently used by water resources officials for Portugal and Spain, that is, the period spanning from October of year n Ϫ 1 to September of year n: (Uppala et al. 2005) . Geopotential height at 1000 and 500 hPa, temperature at 850 hPa, and SLP fields have been interpolated to a 2.5°ϫ 2.5°regular grid (and to the reanalysis full spatial resolution 1.125°ϫ 1.125°grid for storm-tracking purposes) for the NAE sector. All monthly anomaly fields computed in this work were obtained after removing the corresponding climatological normals for the 1961-90 period. The North Atlantic teleconnection indexes (NAO and EA) and the ENSO index maintained by the Climate Prediction Center (CPC) were also analyzed.
c. Methodologies
The atmospheric synoptic features of the 2004/05 drought are characterized through the analysis of three additional databases of storm tracks, circulation weather types, and blocking events previously developed by the authors:
1) The daily weather-types scheme (WTs) allows the classification of daily surface flow over the Iberian Peninsula based on SLP daily charts (0000 UTC) obtained from 2.5°latitude ϫ 2.5°longitude ECMWF reanalyses. The WT dataset was derived for the 1957-2005 period, using an algorithm previously developed by Trigo and DaCamara (2000) . Ten distinct WTs are considered, including eight directional types dominated by strong nonrotational flow (within 45°sectors) and two other WTs dominated by high absolute values of vorticity (cyclonic and anticyclonic types) (Trigo and DaCamara 2000; Paredes et al. 2006) . Anomaly SLP fields for the cyclonic (C), westerly flow (W), and anticyclonic (A) WTs for winter [December-February (DJF)] can be observed in Fig. 3 ; these were obtained after removing the winter climatology. The C and W WTs contribute the highest fraction of winter (DJF) precipitation, while the A type is the most frequent and presents a low contribution to winter precipitation (Trigo and DaCamara 2000; Paredes et al. 2006) . Spatial patterns obtained for corresponding WTs for the fall and spring seasons do not change significantly, although the magnitude of positive and negative anomalies is usually smaller. This classification has previously been applied for different studies on the Iberian precipitation regime (Trigo and DaCamara 2000; Goodess and Jones 2002; Paredes et al. 2006) .
2) The detection and tracking of North Atlantic cyclones is based on an algorithm first developed for the Mediterranean region by Trigo et al. (1999 Trigo et al. ( , 2002 and recently adapted for the entire North Atlantic area (Trigo et al. 2004a; Trigo 2006 ). This scheme is performed using 6-hourly geopotential heights at 1000 hPa, available from ECMWF analysis, on a 1. speed of individual storms is less than 50 km h Ϫ1 in the westward direction and 110 km h Ϫ1 in any other. Further details on the cyclone detecting and tracking methodology may be found in Trigo (2006) . For the purpose of this study, only cyclones lasting a minimum of 48 h and presenting minimum pressure values below 1010 hPa throughout their life cycle were considered.
3) The blocking detection methodology developed by Barriopedro et al. (2006) is applied to the Northern Hemisphere during the period 1958-2005. This technique is performed by using geopotential height reanalysis data at 500 hPa from the ECMWF database. The application of the blocking algorithm allows the detection of those blocked longitudes for each day from a set of conditions imposed to the averaged zonal flow between 40°and 60°N. A blocking anticyclone is then identified when five or more adjacent longitudes are blocked for at least 5 days. The tracking procedure is then performed by comparing the overlapping areas in consecutive daily charts and computing the main parameters associated with blocking episodes, namely, duration, location of the blocking center, and extension in longitude. Further information may be found in Barriopedro et al. (2006). ages with respect to the corresponding climatological (1961-90) normals (Fig. 6 ). This was done using the monthly dataset maintained by the GPCC and restricted to areas with significant climatological monthly rainfall amounts (Ͼ20 mm) in order to avoid misleading results over southern Europe and northern African regions. During the core winter period (NovemberMarch), most of the Spanish and Portuguese territory presented accumulated precipitation values lower than 50% of the normal period 1961-90. The exceptions were relatively small, like the Mediterranean and northern coastal areas, which recorded precipitation values slightly above the average values in December and February (Fig. 6) .
However, the dry conditions continued to prevail until June throughout the Iberian Peninsula, particularly for the southern half (Fig. 6) . Some precipitation was recorded in March and May in western Iberia but with a minor effect on the accumulated precipitation anomaly (e.g., Fig. 4a) . Naturally, the lack of spring precipitation was crucial to understand the widespread amplitude of this drought and its socioeconomic impacts. In fact, some of the former historical droughts (Fig. 4) presented a greater recovery during spring months, which is not present in the 2004/05 episode. This was particularly problematic for the eastern half of Iberia, where the spring precipitation is usually higher than that recorded during winter.
b. Europe and northern Africa
Taking a broader look at the European monthly precipitation for the November 2004-June 2005 period, it is evident that this episode affected the precipitation regime over an extensive area that extended over western Europe and northern Africa (Fig. 6) . These widespread and persistent precipitation anomalies can be associated with corresponding large-scale anomalies of the atmospheric circulation fields of 1000-hPa geopotential height (Fig. 6 ) and 500-hPa geopotental height (Fig. 7) over the NAE sector.
From November 2004 to February 2005, the vast majority of western Europe and northwestern Africa were under the influence of similar dry conditions that affected Iberia (Fig. 6) . In particular, parts of southern United Kingdom and France recorded abnormally low levels of accumulated precipitation that led to drought conditions. In contrast, the eastern (and parts of the central and western) Mediterranean basin recorded high precipitation amounts. As expected, the 1000-hPa geopotential height signature for each month between November 2004 and February 2005 reveals large positive anomalies (significant at p Ͻ 0.05 for February) over the North Atlantic, with maximum amplitude located between Iceland, the United Kingdom, and Azores. Upper-level pressure anomalies (Fig. 7) confirm the overall structure derived at surface level. It must be emphasized that the anomalies show a barotropic structure during the period November 2004 to February 2005, while for the other months, baroclinicity seems to prevail in the anomaly fields.
As a consequence of the high NW-SE gradient of geopotential height, both at the surface and at upper levels, during the December-February period, western Europe was under the influence of strong cold-air advection from northern latitudes. This is particularly clear for February 2005, displaying 850-hPa temperature anomalies below Ϫ2°C all over western Europe (Fig. 7) . These low temperature values are associated with arctic air outbreaks over Iberia (see, e.g., Madrid, Fig. 8 ) and northern Africa, being associated with intense episodes of snow in northern and central Spain. Similar patterns were obtained for considerably different settings, such as Granada (southern Iberia) and Barcelona (northern Mediterranean coast).
The dry pattern persisted over much of Europe during the following months, with the exception of April (Fig. 6 ) when above-average precipitation values were recorded for almost the entire continent (except for Scandinavia and as far as Greece). During April and May the North African coast close to Iberia also recorded some of the lowest precipitation amounts during this drought (Ͻ25% of the normal). The 500-hPa geopotential height field during these 3 months (Fig. 8 placed northward to reach western Europe (June). In fact, these anomalies resemble the usual positive phase of EA, particularly so for April, explaining the high precipitation totals obtained over the United Kingdom and France. Despite the relatively minor amplitude of positive 1000-hPa geopotential height anomalies (Fig.  6) , these remained over southwestern Europe inducing low precipitation totals over the western North African coastal and western Europe regions. Furthermore, hot and dry air from the south was advected into northern Africa and southwestern Europe (Fig. 7) , displaying large positive temperature anomalies at 850 hPa (above 4°C under the center of the high). These above-normal temperatures also had an impact on surface temperatures, particularly increasing the minimum temperatures above the 95th percentile distribution over Iberia (Fig. 8) .
Synoptic circulation anomalies over Iberia based on weather types
It was shown before (Fig. 5 ) that the 2004/05 drought corresponded to the most extreme event registered in Lisbon over the last 140 yr. Here, this extreme event will be assessed for Lisbon at the daily scale, between October 2004 and June 2005, based on the impact of different WTs (Fig. 9) .
The WTs contributing to the highest fraction of winter (DJF) precipitation over Iberia are the C and those with a predominant directional flow from the Atlantic (hereafter W, SW, or NW). This is particularly visible for Lisbon, where the C WT (occurring on average for about 7.8% of DJF days) and a combination of the SW-W-NW types (with an average frequency of 28.1%), contribute to 22.2% and 59.5%, respectively, of the total accumulated precipitation ( Table 1 ). The remaining WTs are much drier, particularly the A type and those dominated by an easterly or southerly flow component. Therefore, during the winter season, WTs can be split into "wet" (C, W, NW, and SW) and "dry" (A, N, NE, S, SE, and E). This division is also applicable to the fall and spring seasons ( Table 1) .
The combined analysis of wet/dry WT frequency [applied previously elsewhere, e.g., Fowler and Kilsby (2002) (Fig. 9) , shows a number of interesting features, namely: 1) In October, the accumulated precipitation for Lisbon (red curve) was slightly above the average (black curve). This fact is explained by the abovenormal occurrence of wet WTs (SW-W-NW) during the second fortnight of this month. 2) During November, the anomaly of the accumulated frequency for the dry NE-N WTs increased (yellow curve) to roughly 100% in mid-November, while the corresponding frequency of the wet SW-W-NW WTs dropped dramatically (light blue curve). Only at the end of November was some marginal precipitation recorded, but the bulk of accumulated precipitation was already below the normal values. shows an impressive plateau. During this period the accumulated frequency for both wet WT groups dropped to 55% of the normal value (by the beginning of March they had been recorded 7.5 days versus an average of 13.25 days for the C WT and 20 days versus an average of 41 days for the combined SW-W-NW group, 56% and 49%, respectively). In contrast, the contribution of the dry NE-N types increased, reaching a record of 150% above the normal by the beginning of March (38.5 days compared to the mean value of 15.5 days). Again, at the end of March some precipitation can be seen over western Iberia (Fig. 6) clearly associated with the appearance of wet WTs (Fig. 9) . 4) Finally, another precipitation plateau can be observed between April and June, a period that was again dominated by the higher-than-usual occurrence of various dry WTs.
The role of transient low pressure systems (storm tracks)
The complete trajectories of every cyclone, with a minimum life span of 2 days, detected during the extended winter season (October 2004 -March 2005 in the NAE sector is depicted in Fig. 10 . It is important to keep in mind that this type of algorithm identifies and follows cyclone centers. Therefore, their associated impact on precipitation extends to the south of each path, accompanying the main fronts associated with the synoptic systems tracked by the algorithm.
The most interesting feature shown in Fig. 10 regards the impressive displacement of cyclone trajectories in the North Atlantic sector to latitudes above 50°N from November 2004 to February 2005. This departure from the most usual paths displayed by the low pressure systems in winter (Trigo 2006 ) is compatible with the large positive anomalies found for 1000-hPa geopotential height charts during these months (Fig. 6) . Moreover, there is a complete absence of cyclones crossing the Iberian Peninsula and the western European sector during November 2004 and January 2005, a result that explains the large negative precipitation anomalies recorded for this area (Fig. 6) . In March, the strong negative 1000-hPa geopotential height anomalies observed around the Azores archipelago is associated with a large number of cyclones that developed in this area. While a few transient systems passed over lower latitudes (e.g., Morocco) almost none crossed Iberia and the western European sector, which was under the influence of the high pressure system centered over Iceland (Fig. 6) . Unlike the Spanish mainland, the important tourist archipelago of the Canary Islands registered above-normal precipitation values at the end of the winter season, particularly in February and March. It is worth noting that the eastern, and parts of the central, Mediterranean basin were affected by numerous cyclones that developed over this area from November 2004 to February 2005, a fact that explains the high precipitation records observed over this sector (Fig. 6) . 
Blocking analysis
In the previous sections we have characterized the atmospheric circulation associated with the 2004/05 drought in Iberia, at the monthly (section 3) and daily (section 4) scales. While indexes associated with wellestablished patterns (such as NAO and EA) are useful to evaluate the average monthly circulation, they often merge several distinct patterns at the submonthly (weekly) scale. Part of this submonthly analysis was therefore presented by showing the complete path of storm tracks, lasting at least 2 days (section 5). However, this approach covers only transient systems and not relatively stable anticylonic patterns. One of the most important large-scale features modulating surface climate in the middle and higher latitudes are blocking events, that is, large anticylonic patterns displaced northward of their usual latitude and lasting between 5 and 25 days (Trigo et al. 2004a; Barriopedro et al. 2006) . Here, we have evaluated the location and duration of blocking events throughout the October 2004 to June 2005 period, particularly focused over the Atlantic sector (90°W to 0°longitude), where the influence of blocking events on the western European climate is higher (Trigo et al. 2004a) .
The blocking activity from October to December within the Atlantic sector was similar to the corresponding average obtained for the 1958-2005 period (not shown). However, the frequency of blocking events from January to March (JFM) was exceptional, particularly between 40°and 20°W, where it surpassed the 95th percentile (Fig. 11a) . This high level of block- ing activity over the Atlantic sector can be observed through the time series of standardized anomalies for the number of winter blocking days , being only slightly surpassed by the winter of 1965 (Fig. 11b) . Moreover, the blocking activity was remarkable in March, which showed a record-breaking number of blocking days since 1958 (not shown). In fact, the blocking activity in winter was characterized by three persistent and quasi-consecutive blocking events. The first one spanned the second half of January to the beginning of February, centered over the eastern Atlantic Ocean basin. From mid-February to mid-March the Atlantic sector was consecutively blocked by two persistent episodes, roughly confined to the second fortnight of February (Fig. 12a ) and the first fortnight of March (Fig. 12b) , both revealing a predominant omega block configuration pattern (Barriopedro et al. 2006 ) west of Europe. The enhanced meridional flow component associated with these blocking events explains the preponderance of the northern component WTs during the winter season until mid-March, as well as the scarce precipitation and cold-air advection from northern latitudes in February over western Europe (Fig. 12a) . Previous studies have shown that anomalous high-latitude blocking episodes induce below-normal temperatures in the lower troposphere over central and northwestern Europe, as a result of cold advection by the anomalously meridional mean flow. Negative temperature anomalies are usually recorded at the surface, since the anticyclonic conditions prevailing also produce an enhanced outgoing flux of longwave radiation at night due to clearer skies (Trigo et al. 2004a) . The intensification of the meridional component of the midtroposphere circulation and the NE-SW tilt of the block axis favored coldair intrusions over Europe and northern Africa (Fig. 7) , contributing to the occurrence of several snow events in February in the Iberian Peninsula. The persistent blocking event during the first fortnight of March caused the displacement of the usual path of cyclones north of Iberia (Figs. 12b and 10) . In contrast, the second half of March was dominated by the absence of blocking activity and thus a more westerly flow, in agreement with the slight increase of precipitation recorded in some regions of western Iberia.
After the month of March the blocking activity decreased through spring (with the exception of May). Thus, in summary, although only three blocking events were detected over the Atlantic sector, more than 50% of the winter days were blocked, showing the winter 2005 as the most active one since 1965.
Conclusions and discussion
The 2004/05 hydrological year was characterized by an intense drought throughout western Europe, reaching record levels over the Iberian Peninsula. In particular, the southern half of Iberia received less than 45% of the usual precipitation between October 2004 and June 2005. The hydrological year from October 2004 to September 2005 was the driest on record at several locations throughout Iberia, in particular Lisbon (since 1865) and Madrid (since 1859). This outstanding event had major socioeconomic impacts in both Iberian countries (Portugal and Spain), particularly concerning hydroelectricity and cereals production, which decreased to 40% and 60% of the average, respectively.
An Eulerian approach by means of a weather-type classification shows that the major rainfall contributors for Iberia in winter display significant low frequencies throughout the study period, while dry WTs prevailed. While the WT technique detects low pressure systems when they are crossing Iberia (C), or are about to cross (W, NW, SW), it does not provide information on the full path of these transient low pressure systems. An explicit Lagrangean storm-track algorithm over a wide northern Atlantic sector confirms the generalized absence, over Iberia, of storm tracks throughout the winter months of the 2004/05 hydrological year, with the important exception of October 2004. The recordbreaking blocking frequency during most of the winter explains these anomalous circulation patterns.
Work published in the last decade has shown that several teleconnections may account for a significant part of winter precipitation variability in Iberia. Among them, the NAO plays the most relevant role (Trigo et al. 2004b (Trigo et al. , 2005 , while the EA pattern also accounts for a significant percentage of precipitation variability in Iberia (Sáenz et al. 2001 The 2004/05 hydrological year was characterized by a weak El Niño event, confirming the negligible impact of SST anomalies over the Pacific Ocean on this drought episode. However, the scarce precipitation records obtained in the Iberian Peninsula between December 2004 and January 2005 match with the positive NAO index displayed (1.2 and 1.5, respectively). In February, the NAO index (Ϫ0.1) can hardly provide a clear explanation to the scarce precipitation registered during this month. In this case, the negative EA index (Ϫ1.7), which is related to the anomalous high pressure west of the United Kingdom, provides the better explanation for low precipitation values observed in this month.
Interestingly, in March neither the NAO (Ϫ1.8) nor the EA (1.1) are capable of explaining the large negative precipitation anomalies displayed over most of the European continent. The precipitation anomaly pattern can be regarded as a particularly awkward one, since strong negative NAO index values are usually associated with above-normal precipitation over Iberia and the western Mediterranean (Hurrell 1995; Trigo et al. 2004b ). This departure from the usual NAO precipitation association pattern is due to the record-breaking blocking episode registered in the first fortnight of March 2005. Blocking episodes are typically associated with significant meridional shifts in the location of storm tracks characterized by a lack of cyclones over northern Europe and a southward displacement of transient eddy activity toward the Iberian Peninsula (Trigo et al. 2004a ). However, the March 2005 blocking showed some peculiarities. The anomalous blocking activity in March associated with negative NAO values is in agreement with the reported increase in blocked days and blocking durations over the Atlantic sector during the negative phases of the NAO (Shabbar et al. 2001; Barriopedro et al. 2006 ). In addition, Barriopedro et al. (2006) reported that the blocking response to NAO also reveals some asymmetry in the location of blocking episodes. Thus, blocking events occurring during negative phases of the NAO are relatively more (less) frequent along a band stretching between Greenland and Iceland (United Kingdom and northern Europe) than those associated with the positive NAO phase. This northwestern displacement of blocking centers for the negative phases of the NAO is on the order of 5°in latitude and 30°in longitude, favoring the appearance of cyclones crossing over Iberia and the western Mediterranean (Barriopedro et al. 2006) . Figure 13 depicts the difference at 500-hPa geopotential height between the blocked days of March 2005 and those occurring during the negative NAO phase (in March) during the 1958-2005 period. It can be seen how the enhanced cyclone trajectory across the southern half of Iberia, which is typically observed during high blocking situations, was dramatically cut off by an anomalous southeastern elongation of the blocking pattern. The southward extension of the blocking action toward lower-than-usual latitudes and the preference for blocked longitudes around 20°W interrupted the cyclone tracks across the Iberian Peninsula and prolonged the drought through the first half of the month. Thus, although the number of cyclones in lower latitudes increased notably in March, in agreement with the negative NAO index, its activity was confined to two isolated centers of action located over Azores and the eastern Mediterranean (Fig. 10) . The southern branch of transient activity expanding between both centers and through Iberia was almost suppressed and anomalously displaced southward toward the Morocco coastline, leading to above-normal precipitation over the Canary Islands and northern Africa. In addition, the anomalous intensity and extension of the block is able to explain the impressive extension of low rainfall records toward the western and central Europe, even reaching Scandinavia, which is a typical feature of Atlantic blocks (Trigo et al. 2004a ).
Thus, we can conclude that the 2004/05 Iberia drought is attributable to three main factors that occurred successively: a NAO positive pattern from November to January, a positive EA pattern in February, and a record-breaking blocking episode, which extended from mid-February to mid-March. The atmospheric circulation analysis at the submonthly scale in March has highlighted a certain limitation of the teleconnection indexes to explain precipitation extremes. The results obtained within this work show the NAO and EA indexes, two of the most prominent North Atlantic teleconnection patterns modulating climate in the Iberian Peninsula, incapable to detect the low precipitation totals in March.
In fact, the explanation for this anomalous event was obtained through the detailed analysis of the blocking pattern at the submonthly scale. The subweekly objective methods used in this work, storm tracks and weather-types approach, are also key techniques to characterize the atmospheric circulation during extreme events. This has been shown previously for the analysis of the 2003 heat wave in Europe, which also presented particularly dry conditions (Fink et al. 2004) , and also describes the circulation anomalies inducing significant precipitation trends (Paredes et al. 2006) Even when a systematic analysis of the Iberian droughts and their associated atmospheric circulation is not available yet, it is known that they occur under a wide variety of distinct synoptic patterns (VicenteSerrano 2006a; Haylock and Goodess 2004) . The use of objective tools as those used in this paper, applied in the appropriate time scale, a work currently in progress by the authors, will improve significantly our current knowledge of droughts and the underlying dynamics and provide a framework for the analysis of extreme droughts that is currently lacking. Shaded areas indicate significant differences at 90%, 95%, and 99% levels after a two-tailed t test.
both cofinanced by the EU under program FEDER. Three anonymous reviewers also helped to improve this manuscript.
